adults in the United States, who smoked hookah daily/ weekly or monthly, respectively (Robinson, Wang, Jackson, Donaldson, & Ryant, 2018) .
Like other health risk behaviors, young adults' hookah tobacco use is influenced by multiple psychological factors, such as attitudes and social norms (Akl et al., 2013; Fitzpatrick et al., 2019) . However, there is substantial evidence that young adults' hookah use is driven in large part by misperceptions that hookah tobacco is not harmful or addictive (Akl et al., 2013) . Comprehensive reviews of this evidence indicate consistency across adolescent and young adult populations, and in the United States and international contexts (Akl et al., 2013) . Specifically, evidence demonstrates that young adults view hookah tobacco as less harmful and addictive than cigarettes (Castaneda, Barnett, Soule, & Young, 2016; Mermelstein, 2014; Roberts, Klein, Berman, Berhane, & Ferketich, 2017) . National longitudinal data show that young adults with low perceived risks of hookah had the highest odds (odds ratio = 18.2) of subsequently becoming hookah users (Hair et al., 2017) . Research also indicates young adult hookah smokers endorse beliefs that hookah is safe and such beliefs are associated with lower intention to quit (Lipkus & Mays, 2018) .
Messaging to address misperceptions about risks in order to reduce hookah use among young adults is sorely needed (Jawad, Jawad, Waziry, Ballout, & Akl, 2016; Maziak et al., 2015) . Some research demonstrates messages communicating the risks of hookah use can increase young adult hookah users' perceived risk, worry about harms and addiction, and motivation to quit (Lipkus, Eissenberg, Schwartz-Bloom, Prokhorov, & Levy, 2011; Mays, Tercyak, & Lipkus, 2016) . There is also strong evidence that tobacco control messaging can be enhanced by incorporating visual imagery evoking emotional responses . Such messaging can be delivered via mobile phones, a critical intervention medium for reaching young adults. More than 90% of U.S. young adults own a mobile phone with Multimedia Message Service (MMS) messaging capabilities (Pew Research Center, 2019) and nearly all use their device for MMS (Smith, 2015) . Mobile messaging provides the capability to implement interactive programs to send and receive MMS messages (i.e., text with imagery), engage in two-way exchanges with users, and tailor content to the user. Evidence supports the use of mobile messaging for cigarette smoking cessation (Abroms et al., 2012; Badawy & Kuhns, 2017; Scott-Sheldon et al., 2016; Spohr et al., 2015; Vodopivec-Jamsek, De Jongh, Gurol-Urganci, Atun, & Car, 2012) . Additionally, meta-analyses indicate that personally tailoring text message content to individual characteristics can enhance the effects of mobile interventions for smoking cessation (Head, Noar, Iannarino, & Grant Harrington, 2013; Spohr et al., 2015; Ybarra, Jiang, Free, Abroms, & Whittaker, 2016 ). Yet, the effects of personally tailored MMS messaging targeting young adults' misperceptions about the risks of hookah use have not been tested.
As a first step to intervention development, the aim of this study was to create and pretest personally tailored MMS messages conveying risks of hookah tobacco use in young adult hookah smokers. This research was guided by behavior change theories and evidence from meta-analyses indicating that changing beliefs about the risks of a behavior such as hookah tobacco use can lead to behavior change (Fishbein & Ajzen, 2010; Portnoy, Ferrer, Bergman, & Klein, 2014; Sheeran, Harris, & Epton, 2014; Slovic, Finucane, Peters, & MacGregor, 2004) . Message development followed a health communication design framework and studies of hookah tobacco messaging to create MMS message content targeting common misperceptions about risks (Hornik et al., 2019; Lipkus et al., 2011; Lipkus & Mays, 2018; . The message pretesting we report herein can form the basis for future efficacy testing in a messaging intervention program.
Method

Message Development
Our first step was to develop MMS messages communicating the health harms and addictiveness of hookah through text and vivid imagery. As noted above, our message development was guided by a health communication framework and prior studies on young adults' hookah tobacco beliefs and risk messages (Hornik et al., 2019; Lipkus et al., 2011; Lipkus & Mays, 2018; . Message content targeted beliefs about short-(e.g., respiratory effects, infections) and long-term health risks (e.g., heart and lung disease, cancer), toxicant exposure (e.g., carcinogens), and addiction (e.g., nicotine exposure). Messages were individually tailored with an if-then algorithm based on self-report data on (1) hookah use frequency, (2) the risk belief corresponding to each message, and (3) responses to simulated interactive text message prompts delivered before the MMS message. Hookah use frequency was operationalized as infrequent (smoking monthly) or frequent (smoking weekly or daily). Participants' risk beliefs were assessed using a valid measure of their agreement with statements about health harms and addictiveness of hookah tobacco (Lipkus & Mays, 2018) . Responses to these items were categorized as "Low" risk belief indicating they do not believe hookah to be risky (Responses 1-4) or "High" risk beliefs that hookah has greater risks (Responses 5-7). To simulate MMS engagement and facilitate message tailoring, we developed text message prompts for each message assessing hookah-related beliefs and behavior. Participants responded to a simulated text message and MMS message content was tailored based on the combination of prompt responses and preexposure measures described above.
Tailored message content consisted of 12 core messages corresponding to the risk beliefs assessed preexposure. Based on all possible tailoring combinations, this resulted in 96 unique messages. The 12 core messages were paired with an image that conveyed the risk communicated in the message. We developed images from evidence of effective tobacco control communication strategies (Lipkus et al., 2011; Noar et al., 2016; World Health Organization, n.d.) and used vivid visuals to communicate risks commensurate with the message content. For example, images paired with text content displayed diseased lungs from smoking, infections, and lung and oral cancer from toxicant exposure. We developed core message content from open-ended and experimental data collected previously Mays, Tercyak, Rehberg, Crane, & Lipkus, 2017) . This prior work demonstrated the message content affected beliefs about the risks of hookah tobacco as intended, although in a different format, not in MMS delivery, and without the use of tailoring. To build from this work and to gather preliminary feedback on the tailored MMS message content from young adult hookah users (N = 151), we used online crowdsourcing to collect openended feedback for improving the text and image message content. We revised the text (e.g., wording, length) and images based on this feedback. After this step, we finalized the text and image combinations using Adobe Photoshop Creative Cloud and placed them in a pseudo MMS message with a mobile phone backdrop frame for pretesting. Example message content is shown in the Supplemental Material.
Design and Procedures
Our procedures followed recommended methods for health communication message development by using a within-subjects experimental design to ascertain participants' responses to four MMS messages viewed in random order (Hornik& Woolf, 1999; Parvanta et al., 2013) . To minimize participation burden, the messages were tested over three sets of data collection in March 2018. Participants in each set followed the same online experimental procedures. The study samples for each set were independent, and 4 messages were randomly selected from the 12 core messages for testing in each set. Set 1 tested messages 2, 6, 8, and 9; Set 2 tested messages 1, 4, 7, and 10; and Set 3 tested messages 3, 5, 11, and 12.
All data were collected through the online crowdsourcing platform Amazon Mechanical Turk (mTurk). This platform is efficient and effective for experimental message testing, and evidence supports its use for research to examine responses to tobacco-related messages in target groups (Jeong et al., 2019; Kraemer, Strasser, Lindblom, Niaura, & Mays, 2017) . Registered mTurk users in the United States reviewed a brief study description and, if interested, proceeded to self-report eligibility screening questions. Eligible participants were those 18 to 30 years of age who were current hookah users defined as (1) smoking hookah at least once in the past 30 days and (2) smoking hookah at least once a month. Participation was also limited to mTurk users who had not completed a prior study for message development. There is strong evidence that self-report is a valid measure of tobacco use supporting our approach (Wong, Shields, Leatherdale, Malaison, & Hammond, 2012) .
Eligible participants proceeded to an online informed consent form and were briefed again on study procedures. Participants first answered questions about hookah risk beliefs and then viewed four messages in random order, first responding to the simulated text message prompt and then receiving the tailored message. After each message, participants completed assessments of message receptivity and emotional response. After exposure to four messages, participants completed additional tobacco use history and demographic measures. The study protocol was approved by the host institution's institutional review board.
Measures
Hookah Tobacco Use. Hookah use was measured with two valid items at eligibility screening (Lipkus et al., 2011; Maziak et al., 2005) . Participants were asked, "On how many of the past 30 days did you smoke tobacco in a hookah?" Answer choices ranged from 0 to 30 using a drop-down option. Second, we asked, "Which of the following best describes your hookah tobacco smoking? Usually I smoke hookah . . ." (1) less than monthly (occasionally, but not every month), (2) monthly (at least once a month, but less than weekly), (3) weekly (at least once a week, but less than daily), or (4) daily (at least once a day, or on most days of the month). As noted above, hookah use was operationalized as infrequent (smoking monthly) or frequent (smoking weekly or daily).
Hookah Risk Beliefs. Hookah risk beliefs were assessed before the message exposure with 12 valid items presented in random order (Lipkus & Mays, 2018; . Participants in each set completed all 12 items (Set 1 α = .85; Set 2 α = .83; Set 3 α = .89) even though only 4 MMS messages were tested in each set. Responses used a scale of 1 = strongly agree to 7 = strongly disagree. As noted above, for message tailoring responses were categorized as "Low" risk beliefs (Responses 1-4) or "High" risk beliefs (Responses 5-7). Some items were reverse coded for consistent directionality.
Cigarette Smoking. Cigarette smoking was measured using valid items assessing lifetime (smoking 100 or more cigarettes) and current smoking (now smoking every day, some days, or not at all; Hu et al., 2016) . Current smokers were those reporting smoking 100 or more cigarettes and smoking "every day" or "some days."
Demographics. Age, race, ethnicity, sex, educational attainment, employment, and annual income were measured with valid items (Hu et al., 2016) .
Dependent Variables. Drawing from the tobacco control and health communication literature, we assessed message receptivity and emotional response because they are cognitive and emotional variables that mediate message effects on outcomes such as behavioral beliefs and behaviors Noar et al., 2016) . We assessed message receptivity with a valid 12 item measure capturing participants' agreement with statements about the messages on a 7-point scale of 1 = strongly disagree to 7 = strongly agree (Set 1 α = .98; Set 2 α = .97; Set 3 α = .98; Mays & Zhao, 2016; Zhao & Nan, 2010) . Example items include-The message grasped my attention; The message was convincing; The message gave me good reasons why I should not smoke hookah tobacco; and Overall, the message was effective. Responses to the 12 items were averaged for each message to create a score with higher values indicating greater message receptivity.
We measured emotional response with four items capturing the extent to which participants felt frightened, anxious, nervous, and worried in response to each message (Set 1 α = .97; Set 2 α = .98; Set 3 α = .94; Dillard & Shen, 2005; Sutton, Yang, & Cappella, 2019) . We chose these items because such emotions are message-oriented outcomes that are critical to the efficacy of tobacco messages using vivid visual imagery Noar et al., 2016) . Participants responded on a 4-point scale of 1 = not at all to 4 = extremely. Responses were averaged for each message to create a score with higher values, indicating stronger emotional response.
Analysis
We used descriptive statistics to characterize the sample on all variables assessed. We examined bivariate correlations between message receptivity and emotional response for each Note. Risk beliefs measured on a 1 to 7 scale. Low risk beliefs are defined as those indicating agreement that they do not believe hookah tobacco is risky (Responses 1 to 4). High risk beliefs are defined as those indicating agreement that they believe hookah tobacco is risky (Responses 5 to 7). Some items were reverse coded for analyses (Items 3, 6, 10, 11, and 12).
message. Finally, we created multivariable models with generalized estimating equations to test for differences in least squares means for message receptivity and emotional response across the messages. The within-subjects experimental design involved repeated message exposures, repeated outcome measurements, and data clustered within participants. Generalized estimating equations appropriately accounts for this design and stabilizes error estimates for within-participant data clustering (Hanley, Negassa, Edwardes, & Forrester, 2003) . Models used an exchangeable working correlation structure to account for the within-subjects design. We created models for the aggregate sample using all 12 core messages (i.e., all 3 sets), where tests of least squares means differences included both within-subject message comparison and between-subject set comparisons and used Tukey-Kraemer adjustment for the Type I error rate. Analyses adjusted for covariates including demo graphics (age, race, ethnicity, sex, education) and hookah use frequency because these are factors associated with hookah and other tobacco use in young adults (Hu et al., 2016; Kasza et al., 2017) .
Results
The sample included 156 participants (n = 56 Set 1, n = 47 Set 2, n = 53 Set 3). Sample characteristics are shown in Table 1 . Participants averaged 26.7 years (SD = 2.91), 67.3% were male, and 74.2% were White. Overall, 30.8% were monthly hookah smokers and 69.2% were weekly or daily hookah smokers; more than half (57.1%) were current cigarette smokers. The proportion of participants endorsing low and high hookah risk beliefs is shown in Table 2 . For 9 of the 12 risk beliefs, the majority of participants endorsed beliefs that hookah tobacco has less risk. The beliefs items endorsed most often indicating hookah has less risk were "I don't smoke enough hookah tobacco to be hurting my health" (75.0%) and "Smoking hookah once or twice a month is not harmful" (73.7%). The beliefs items endorsed most often indicating hookah has more risk were "Sharing the hookah mouthpiece with other smokers can lead to infections" (71.8%) and "Hookah tobacco smoking can cause severe health consequences" (59.4%).
Descriptive statistics and bivariate correlations for message receptivity and emotional response are shown in Table 3 . Overall, message receptivity scores were consistent with published studies in this population (overall M = Note. Generalized estimating equations used in the models to account for the within-participants design. Each model controlled for demographic covariates and hookah use frequency. Messages 3 and 4 differed significantly from Message 1 on emotional response (ps < .05). There were no other statistically significant differences in pair-wise least squares means comparisons using the Tukey-Kraemer correction.
4.87, SD = 1.27). Emotional reaction scores were at anticipated levels as well (overall M = 2.31, SD = 0.81; Evans & Mays, 2016; Mays & Zhao, 2016) . There was limited variability in receptivity and emotional response across the 12 core messages, indicating consistent responses across messages. Each message also had a significant positive correlation indicating greater message receptivity and is associated with stronger evoked emotional response (all ps < .05). Multivariable analyses indicated no significant differences in receptivity and few significant differences in emotional response between the messages. Regression parameter estimates indicated Messages 3 (β = .47, p < .01) and 4 (β = .23, p < .05) evoked significantly stronger emotional response than Message 1 after controlling for covariates. Messages 3 and 4 communicated chemical exposures in hookah smoke and displayed an image of mouth and lung cancer, respectively. No other parameter estimates were statistically significant. Analysis of least squares means for overall message receptivity and emotional response are shown in Table 4 .
Discussion
Although hookah tobacco use is prevalent among young adults, there is limited evidence for interventions in this population (Jawad et al., 2016; Maziak et al., 2015) . This study aimed to begin to fill this gap by developing and pretesting content for a mobile MMS intervention to communicate the risks of hookah tobacco to young adult hookah users. Drawing from successful mobile interventions for cigarette smoking cessation (Abroms et al., 2012; Head et al., 2013; Spohr et al., 2015) , we developed content for individually tailored messages to interactively personalize content to participants' hookah tobacco use behavior, risk beliefs, and responses to simulated text message prompts.
Our results indicate young adult hookah smokers viewed the MMS messages favorably as assessed by message receptivity and messages evoking an emotional response. Although mean levels for these dependent variables are modest relative to the scale (means 4-5 for receptivity, 1.8-2.0 for emotional response), they are comparable to prior studies testing similar messages in this demographic group (Evans & Mays, 2016; Lipkus et al., 2017; Mays & Zhao, 2016) . Across all messages, receptivity and emotional response were also positively correlated, indicating messages producing greater receptivity also evoked stronger emotional response. There were no significant differences in receptivity and few significant differences in emotional response between the messages, suggesting they evoked similar cognitive and affective reactions. Message receptivity and emotional response are short-term reactions to health communication messages that are predictive of their effect on outcomes such as beliefs, intentions, and behavior Noar et al., 2016) . Taken together, these findings provide an important initial signal that a tailored MMS based approach for communicating the risks of hookah tobacco to young adults is promising and support further efficacy testing of this intervention.
This study advances the science of behavioral interventions for hookah tobacco use by testing content designed for delivery through mobile messaging. Although other recent studies have examined the efficacy of messaging communicating the risks of hookah tobacco to young adults Sutfin et al., 2019) , we extend this line of research by testing an approach leveraging the ubiquity of mobile phones in this population to improve reach and impact. To our knowledge, there are currently no mobile messaging programs targeting hookah use that can be integrated into freely available, population-based cessation resources (e.g., SmokeFreeTXT on SmokeFree.gov) or other mobile cessation programs. Pairing carefully developed messages with delivery technology that young adults use regularly may have enhanced their openness to receiving such messages. If shown to be efficacious in an ongoing trial (NCT03595280), this intervention can be disseminated by integrating it with existing populationbased interventions and can complement hookah tobacco public health messaging that appears through other media (Farrelly et al., 2017; Vallone et al., 2018) .
The results should be interpreted in light of study limitations. The study involved a cross-sectional convenience sample recruited online, and generalizability to broader populations may be limited. Despite this limitation, our sample demographics were similar to those from national population data on young adult hookah tobacco users in the United States (Robinson et al., 2018) . For message pretesting, we focused on outcomes related to participants' immediate message response. In this cross-sectional study, we could not assess changes in hookah-related beliefs and behavior. Research is ongoing to address this limitation by testing the effects of MMS messages on hookah tobacco use beliefs and behavior prospectively. For pretesting, we also simulated a text message exchange in an online data collection platform. Although designed to mirror what participants would experience when receiving the messages, it may have affected responses and results should be interpreted as an assessment of message content. Although message content focused specifically on risk beliefs, message development and testing for other important psychological factors related to hookah tobacco use (e.g., attitudes, normative beliefs) are warranted as well. We did not specifically test the effects of varying text and image combinations on study outcomes. In the future, the efficacy of such messages can be honed by testing these message components to identify optimal combinations.
Despite these limitations, our findings have important implications for interventions to reduce hookah tobacco use among young adults. Message testing is a fundamental initial step to communication intervention development to ensure consistency across an intervention exposure. Our findings provide promising indication that a tailored, mobile MMS
